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(54) Battery charging apparatus, battery pack and method for charging secondary battery 



(57) To reduce the charging time required for charg- 

ing, there is provided a battery pack comprising a battery 
cell that supplies current to an electronic apparatus 
which is connected thereto or is charged by the supply 
of current from other power source, and a charge/dis- 
charge control section that controls the charging oper- 
ation ofthe battery cell. The charge/discharge control 



section further comprises a voltage sensing circuit that 
monitors the output voltage of an AC adapter, a protec- 
tion circuit that senses the voltage between terminals of 
the battery cell and a control circuit that controls the 
charging operation. The battery pack is charged by us- 
ing a charging apparatus comprising a charging adapter 
that has insertion slots for incorporating the battery pack 
and the AC adapter that generates the charge current. 
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Description 

[0001 ] The present invention relates to a charging ap- 
paratus for charging a battery pack provided with a sec- 
ondary battery, a battery pack provided with a second- 
ary battery, and a secondary battery charging method 
for charging a plurality of battery packs each provided 
with a secondary battery. 

[0002] It Is ideal that various portable electronic ap- 
paratus such as portable telephone and lap-top compu- 
ter could be used over an extended period of time while 
being disconnected from commercial power lines. For 
this purpose, such measures are practiced as Increas- 
ing the power storage capacity of an exchangeable bat- 
tery pack used as the power source to drive an electron- 
ic apparatus and decreasing the power consumption of 
the electronic apparatus. 

[0003] The portable telephones, in particular, are in a 
trend toward greater power consumption as the portable 
telephone provides increasing variety of functions and 
is used at an increasing frequency due to the increasing 
variety of services provided via the portable telephone. 
However, they are still required to be capable of oper- 
ating over a longer period of time even under such a 
situation. 

[0004] Thus users carry replacement battery packs to 
enable operation over a long period of time. A charging 
apparatus having a plurality of charging slots may also 
be used to charge a plurality of battery packs. 

[0005] Battery packs of the prior art are charged by, 
for example, combining constant current charging and 
constant voltage charging. That is, the battery pack is 
charged in constant current charging until the voltage 
thereofreaches a predetermined voltage level, following 
by constant voltage charging for a predetermined period 
of time. Current flowing in the charging apparatus during 
constant current charging Is determined by an AC 
adapter to be used. 

[0006] However, even when the charging apparatus 
has two charging slots, in the case where only one 
charging circuit Is provided, the time required to fully 
charge both battery packs becomes twice the time re- 
quired for fully charging one battery pack. This situation 
makes no difference from a case of sequentially charg- 
ing two battery packs one by one using a charging ap- 
paratus having a single charging slot. 

[0007] In order to make it possible to charge two bat- 
tery packs simultaneously and reduce the charging time 
at the same time, two charging circuits may be provided 
but this makes the charging apparatus more expensive 
and increases the size thereof, thus making a problem 
in view of man ufacturing a compact charging apparatus. 
[0008] The present invention has been proposed in 
view of the problems of the prior art described above, 
and an object thereof is to provide a charging apparatus 
that is capable of reducing the charging time when 
charging a plurality of battery packs and can be made 
smaller in size, a battery pack used for the charging ap- 



paratus, and a secondary battery charging method that 
makes it possible to reduce the charging time when 
charging a plurality of battery packs and decrease the 
size of the charging apparatus. 

5 [0009] In order to achieve the object described above, 

the charging apparatus of the present invention com- 
prises a plurality of battery insertion sections Into which 
a plurality of battery packs having a charge control func- 
tion to control charging of a secondary battery and/or an 
^0 electronic apparatus incorporating the battery pack are 
inserted, and a power source for supplying charge cur- 
rent, wherein the charge current from the power source 
is supplied to the battery packs and/or the electronic ap- 
paratus inserted into the battery Insertion sections In 
IS parallel. 

[0010] The charge control function refersto afunction 
to start charging operation when the output voltage of 
the power source exceeds a predetermined threshold. 
[0011] The charging apparatus described above ap- 
plies the output voltage of the power source to the bat- 
tery insertion sections in parallel. 

[0012] In order to achieve the object described above, 
the battery pack of the present invention comprises a 
secondary battery wherein charging and discharging 
occur and a charge control section for sensing the out- 
put voltage of a charge power source to control the start 
and stop of charging, wherein the battery pack is con- 
nected in parallel with other battery pack to the charge 
power source, and the charge control section senses a 
change in the output voltage due to charging of the other 
battery pack to control the start and stop of the charging 
operation. 

[0013] The charge control section may start the 
charging operation when the output voltage exceeds a 
predetermined threshold. 

[0014] The battery pack described above is connect- 
ed in parallel with the other battery pack to the charge 
power source, and the charge control section senses a 
change in the output voltage of the charge power source 
due to charging of the other battery pack to control the 
start and stop of the charging operation. 

[001 5] In order to achieve the object described above, 
the secondary battery charging method of the present 
invention for charging a plurality of battery packs each 
provided with the secondary battery comprises a current 
supply step for sensing a charge current from the charge 
power source is supplied to the plurality of battery packs 
in parallel and a charge control process wherein a 
change in the output voltage of the charge powersource 
due to charging of at least one battery pack among the 
plurality of battery packs to control the start and stop of 
charging the other battery pack. 

[0016] In the charge control step, the charging oper- 
ation may be started when the output voltage exceeds 
a predetermined threshold. 

[0017] In the charge control step, the charging oper- 
ation may also be switched between constant current 
charging and constant voltage charging according to the 
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voltage level of the plurality of battery packs. 

[0018] Further, the plurality of battery packs are 
charged individually in the constant current charging op- 
eration and the plurality of battery packs are charged 
simultaneously in the constant voltage charging opera- 
tion, while the constant voltage charging operation for 
all battery packs is started when the voltages levels of 
all of the plurality of battery packs reach a predeter- 
mined voltage level. 

[0019] According to the secondary battery charging 
method described above, in the charge control step, a 
change in the output voltage of the charge power source 
due to charging of at least one battery pack among the 
plurality of battery packs is sensed to control the start 
and stop of charging the other battery pack. 

[0020] The charging apparatus of the present inven- 
tion comprises a plurality of battery insertion sections 
into which a plurality of battery packs having the charge 
control function to control charging of the secondary bat- 
tery and/or the electronic apparatus Incorporating the 
battery pack are inserted, and a power source for sup- 
plying charge current, wherein the charge current from 
the power source is supplied to the battery packs and/ 
or the electronic apparatus Inserted into the battery in- 
sertion sections in parallel. 

[0021] The charge control function may be a function 
to start the charging operation when the output voltage 
of the power source exceeds a predetermined thresh- 
old. 

[0022] As a consequence, the charging apparatus de- 
scribed above allows it not only to make the charging 
apparatus smaller in size due to the simpler construction 
thereof but also to reduce the manufacturing cost. The 
charging apparatus is also capable of charging a plural- 
ity of battery packs simultaneously with a constant volt- 
age. Thus it is made possible to reduce the charging 
time when charging a plurality of battery packs without 
installing an additional charging circuit. 

[0023] The battery pack of the present Invention com- 
prises a secondary battery wherein charging and dis- 
charging occur and a charge control section for sensing 
the output voltage of the charge power source to control 
the start and stop of charging, wherein the battery pack 
is connected in parallel with other battery pack to the 
charge power source, and the charge control section 
senses a change in the output voltage due to charging 
of the other battery pack to control the start and stop of 
the charging operation. 

[0024] The charge control section may start the 
charging operation when the output voltage exceeds a 
predetermined threshold. 

[0026] Therefore, the battery pack described above 
makes it possible to reduce the charging time. 

[0026] The secondary battery charging method of the 
present invention for charging a plurality of battery 
packs each provided with a secondary battery compris- 
es a current supply step for supplying a charge current 
from a charge power source to the plurality of battery 



packs in parallel and a charge control step for sensing 
a change in the output voltage of the charge power 
source due to charging of at least one battery pack 
among the plurality of battery packs to control the start 
5 and stop of charging the other battery pack. 

[0027] In the charge control step, the charging oper- 
ation may be started when the output voltage exceeds 
a predetermined threshold. 

[0028] In the charge control step, the charging oper- 
10 ation Is switched between constant current charging and 
constant voltage charging according to the voltage level 
of the plurality of battery packs. 

[0029] Further, the plurality of battery packs are 
charged individually In the constant current charging op- 
15 eration and the plurality of battery packs are charged 
simultaneously in the constant voltage charging opera- 
tion, while the constant voltage charging operation for 
all the battery packs is started when the voltage levels 
of all of the plurality of battery packs reach a predeter- 
mined voltage level. 

[0030] Thus the secondary battery charging method 
described above allows it not only to make the charging 
apparatus smaller in size due to the simpler construction 
thereof but also to reduce the manufacturing cost. The 
secondary battery charging method is also capable of 
charging a plurality of battery packs simultaneously with 
a constant voltage. Thus it Is made possible to reduce 
the charging time when charging a plurality of battery 
packs without installing an additional charging circuit to 
the charging apparatus. 

[0031 ] The invention will be further described by way 
of example with reference to the accompanying draw- 
ings, in which:- 

FIG. 1 shows an example of the constitution of the 
battery pack and the charging apparatus for charg- 
ing the battery pack according to the present inven- 
tion; 

FIG.2 Is a block diagram showing an example of the 
constitution of the battery pack according to the 
present invention; 

FIG.3 Is a block diagram showing an example of the 
constitution of the charging apparatus according to 
the present invention; 

FIG. 4 shows changes in time of voltage across ter- 
minals of the battery pack and of the output voltage 
of an AC adapter during charging by means of the 
charging apparatus of the present invention; and 
FIG. 5 is a drawing explanatory of the charging op- 
eration when a battery pack Is charged by means 
of the charging apparatus of the present Invention. 

[0032] The secondary battery charging method de- 
scribed below as an embodiment of the present inven- 
tion is a method of charging a battery pack comprising 
a secondary battery and a charge control section by us- 
ing a charging apparatus that comprises battery inser- 
tion sections (slots) wherein a plurality of battery packs 



20 



25 



30 



35 



40 



45 



50 



3 



5 



EP 1 124 300 A2 



6 



and electronic apparatus incorporating the battery 
packs are inserted to carry out charging operation, and 
a power source that provides power supply. 

[0033] Voltage of the power source is sensed by a 
voltage sensing circuit of thecharge control section and, 
when the voltage of the power source reaches a prede- 
tennined threshold, charging is started thereby control- 
ling the charging operation of the battery pack. This 
makes it possible to reduce the time taken in charging 
the plurality of battery packs. Further, the charging ap- 
paratus is made smaller in size by employing the sec- 
ondary battery charging method as described above. 
[0034] FIG.1 shows an example of charging by using 
the charging apparatus and the battery pack exemplified 
as an embodiment of the present invention. In the em- 
bodiment of the present Invention, such a case will be 
described as the electronic apparatus used with the bat- 
tery pack comprising the secondary battery mounted 
thereon is a portable telephone. 

[0035] FIG.1 shows a case of charging the battery 
pack 1 comprising the secondary battery pack and the 
portable telephone 1 0 having the battery pack mounted 
thereon, by using the charging apparatus 20 that has a 
charge adapter 30, to be described later that has inser- 
tion slots for inserting the battery packs therein for 
charging, and an AC adapter 40 that is connected to an 
electrical outlet 50 of 1 0OVAC thereby to transform com- 
mercial alternate current power Into direct current and 
supply the charge voltage. 

[0036] The battery pack 1 has a secondary battery cell 
60 that supplies current to the electronic apparatus con- 
nected thereto or is supplied with current from another 
power source and is charged, and a charge/discharge 
control section 70 that controls charge and discharge of 
the battery cell 60. 

[0037] The charge/discharge control section 70 has a 
voltage sensing circuit 71 for sensing the output voltage 
of at least the AC adapter 40, a protection circuit 72 for 
sensing the voltage across terminals of the battery cell 
60 and a control circuit 73 for controlling the charging 
operation. 

[0038] The voltage sensing circuit 71 senses the 
charge voltage of the AC adapter 40 to control ON/OFF 
operation of a transistor TR78 to be described later. In 
the voltage sensing circuit 71 of the battery pack 1 
shown as the embodiment of the present invention, 
threshold at which charging is started is set to, for ex- 
ample, 4.4V. The voltage sensing circuit 71 has such a 
sensing voltage as the charging operation is started 
when the output voltage of the AC adapter 40 exceeds 
4.4V. 

[0039] The protection circuit 72 senses the voltage 
between the tennlnals of the battery cell 60 and sends 
a signal Indicating the sensed voltage to the control cir- 
cuit 73. When the voltage between the terminals of the 
battery cell 60 reaches 4.3V for example, the protection 
circuit 72 notifies thereof. 

[0040] The control circuit 73 carries out control oper- 



ation for charging of the battery cell 60. Specifically, the 
control circuit 73 carries out such control operations as 
switching of the charging state between preliminary 
charging, constant current charging, constant voltage 
5 charging, etc., turning on light emitting diodes (LED) 80, 
81, and the like. 

[0041] Now constitution of the battery pack 1 other 
than those described above will be described below. 
[0042] Current sensing resistors R74 and R75 are 
10 sensing resistors for sensing and controlling the charge 
current. The current sensing resistor R74 has resistance 
of 0.47U, for example, and the current sensing resistor 
R75 has resistance of 0.1 sCj. The current sensing resis- 
tors R74 and R75 are switched by the switching opera- 
15 tion of transistors TR76 and TR77 to be described later 
that are controlled by the control circuit 73, This controls 
the amount of charge current. 

[0043] The transistors TR76, TR77 and TR78 are 
switching semiconductor devices. The transistors TR76 
20 and TR77 are controlled to turn on or off by the control 
circuit 73, thereby to select the current sensing resistors 
R74, R75 for sensing and controlling the charge current, 
X and switch the circuit. The transistor TR78 is controlled 
to turn on or off according to the output voltage of the 
AC adapter 40 that is sensed by the current sensing cir- 
cuit 71. 

[0044] The control circuit 73 is controlled to turn on or 
off by the switching operation of the transistor TR78 by 
the voltage sensing circuit 71. The capacitor 79 is an 
external capacitor device of an oscillation circuit that 
outputs pulses of a predetermined frequency thereby 
setting a timing between the start of charging and stand- 
by for charging. An oscillation circuit described above 
starts to oscillate when the output voltage of the AC 
adapter 40 exceeds the sensing voltage 4.4V of the volt- 
age sensing circuit 71 . The capacitor 79 also functions 
as a charge timer for counting the period of preliminary 
charging to be described later and the period of contin- 
uing the constant voltage charging after sensing the 
state of full charging. 

[0045] The LED 80 is a light emitting diode that emits 
green light, and the LED 81 is a light emitting diode that 
emits red light. The LED 80 and the LED 81 are control- 
led to turn on and off by the control circuit 73 according 
to the charging state of the battery pack 1 . 

[0046] The discharge control transistor TR82 is afield 
effect transistor (FET) that stops discharging when a 
discharge terminal 92 to be described later and a GND 
terminal 91 are short-circuited, or the battery cell 60 is 
over-discharged so far as the voltage between the ter- 
minals thereof falls below a predetemiined voltage level. 
The predetermined voltage level is, for example, 2.5V. 
[0047] The charge control transistor TR83 is also an 
FET, and stops charging when the battery cell 60 Is still 
being charged when the voltage between the terminals 
thereof has exceeded a predetermined voltage level. 
The predetermined voltage level is 4.3V. 

[0048] The battery pack 1 is provided with, in addition 
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to the components described above, a charge terminal 
90 used in charging, the GND terminal 91 and the dis- 
charge tenminai 92 used in discharging. The GND 91 is 
used for both charging and discharging In common. 
[0049] The charge terminals 90 and the GND 91 are 
connected to connection tenninals, not shown In the 
drawing, which are provided in the unit insertion slot 31 
and in the battery pack insertion slot 32 of the charge 
adapter 30 at specified positions therein, thereby to take 
the charge current supplied from the AC adapter 40 into 
the battery pack 1 . The discharge terminals 92 and the 
GND 91 are connected to connection terminals, not 
shown, that are provided at specified positions of the 
portable telephone 10, thereby to supply electric power 
to the portable telephone 10. 

[0050] The charging apparatus 20, on the other hand, 
is constituted from the charge adapter 30 that has the 
insertion slots for mounting the battery pack 1 and the 
portable telephone 10 therein, and the AC adapter 40 
that is connected to the 1 0OVAC electrical outlet 50 to 
generate the charge current. 

[0051] The charge adapter 30 has the unit insertion 
slot 31 that allows It to charge the battery pack 1 while 
being mounted in the portable telephone 10, and the 
battery pack insertion slot 32 that is capable of sepa- 
rately charging the battery pack 1 being removed from 
the portable telephone 10. The charge adapter 30 and 
the AC adapter 40 are detachably connected by means 
of a connector 41. 

[0052] The AC adapter 40 transforms alternate cur- 
rent of the 1 0OVAC commercial power supply into direct 
current and generates the charge current to supply It to 
the unit insertion slot 31 and the battery pack insertion 
slot 32 in parallel. 

[0053] Although not shown in the drawing, the power 
supply terminals of the unit insertion slot 31 and of the 
battery pack Insertion slot 32 are provided at such po- 
sitions as will be engaged with the charge terminals 90 
and the GND 91 when the portable telephone 1 0 or the 
battery pack 1 is inserted into the slot. 

[0054] The charging apparatus 20 has such a simple 
structure that the charge current from the AC adapter 
40 is connected to the charge terminals of the slots in 
parallel. 

[0055] Operation of charging one of the battery packs 
1 described in detail above by means of the charging 
apparatus 20 will be described below with reference to 
FIG.4, The charging apparatus 20 described as the em- 
bodiment of the present invention carries out preliminary 
charging, constant current charging and constant volt- 
age charging operations according to the voltage be- 
tween the terminals of the battery pack 1 . 

[0056] First, when the battery pack 1 which is not load- 
ed and has not been charged is inserted into the slot, 
the protection circuit 72 senses the voltage between the 
terminals of the battery cell 60. When the voltage be- 
tween the terminals is below 2.0V, the control circuit 73 
starts preliminary charging and turns on the red LED 81 



indicating that the battery is being charged. 

[0057] The preliminary charging continues till the volt- 
age between the terminals of the battery pack 1 exceeds 
2.0V, or for a certain period of time such as 30 minutes. 
5 When the voltage between the terminals of the battery 
pack 1 exceeds 2.0V, preliminary charging completes 
followed by the next stage of constant current charging. 
However, in case the voltage between the terminals of 
the battery pack 1 does not exceed 2.0V in 30 minutes, 
io the control circuit 73 stops charging and, for example, 
causes the red LED 81 to flash so as to indicate that the 
battery pack 1 is defective. In the preliminary charging, 
only the transistor TR76 is made effective and the cur- 
rent is limited so that the voltage between current sens- 
es ing resistor R74 is 23.5mV. 

[0058] When the voltage across the temninals of the 
battery pack 1 which is not loaded and has not been 
charged is 2.0V or higher and below 4.10V, the control 
circuit 73 starts constant current charging and turns on 
20 the red LED 81. 

[0059] While the control circuit 73 starts constant cur- 
rent charging also in the case where the voltage be- 
tween the terminals of the battery pack 1 which is not 
loaded and has not been charged is 4.1 OV or higher, the 
25 battery pack 1 is already almost fully charged. Thus the 
control circuit 73 causes the green LED 80 to light that 
indicates the state of standby for charging. 

[0060] The voltage between the terminals of the bat- 
tery pack 1 increases as the constant current charging 
20 proceeds. The current flowing during the constant cur- 
rent charging is determined by the capacity of the AC 
adapter 40. A low power path on the transistor TR76 
side is capable of carrying current up to 132mA, and a 
high power path on the transistor TR77 side is capable 
of carrying current up to 650mA. Consequently, up to 
781mA can be carried when the low power path on the 
transistor TR76 side and the high power path on the 
transistor TR77 side are combined. 

[0061] When the incoming current exceeds 781mA, 
the control circuit 73 senses the excessive charge cur- 
rent and stops charging. In the constant current charg- 
ing, current is limited when the voltage across the cur- 
rent sensing resistor R74 in the low power path reaches 
62.0mV. The control circuit 73 also limits the current and 
stops charging when the voltage across the current 
sensing resistor R75 In the high power path reaches 
97.5mV. 

[0062] Constant current charging continues till the 
voltage between the terminals of the battery pack reach- 
es 4.30V maximum. When the protection circuit 72 
senses the voltage between the terminals of the battery 
cell 60 exceeding 4.30V, the control circuit 73 switches 
from constant current charging to constant voltage 
charging. Thereafter constant voltage charging Is car- 
ried out while decreasing the voltage by 0.1 V to 4.20V. 
[0063] in FIG.4 represents hysteresis voltage of 
the voltage sensing circuit 71 . When the output voltage 
of the AC adapter 40 reaches this voltage level during 
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charging of the plurality of battery packs 1 to be de- 
scribed later, the voltage sensing circuit 71 switches to 
start charging. 

[0064] in the constant voltage charging, the voltage 
between the terminals of the battery cell 60 remains con- 
stant at 4.20V, while the charge current gradually de- 
creases with time. In the constant voltage charging, the 
transistor TR77 in the high power path is controlled in a 
state of substantially off so that current hardly flows. As 
a result, while constant charge current of 132mA flows 
in the transistor TR76 In the low power path, the current 
gradually decreases because a small amount of current 
is supplied also to the high power path. 

[0065] When the charge current gradually decreases 
to a predetermined value, the control circuit 73 sets a 
full-charge sensing timer to start counting of the timer. 
Upon lapse of a predetermined period of time, the con- 
trol circuit 73 causes the green LED to light Indicating 
the completion of charging. When another predeter- 
mined period oftime has passed, the charging operation 
ends. In the embodiment of the present invention, the 
predetermined current described above is 110mA. 
[0066] Pulse charging may also be carried out in the 
preliminary charging and the constant voltage charging 
stages, in order to reduce the heat generation from the 
transistors TR76 and TR77 when VCC voltage of the 
control circuit 73 is 5.05V or higher. Also after charging 
has been completed, charging may be restarted in the 
case where the voltage between the terminals of the bat- 
tery pack 1 drops to below 4.20V. 

[0067] Operation of charging a plurality of battery 
packs by the charging apparatus 20 that charges the 
battery pack 1 described above will now be described 
below with reference to FIG.5. In FIG.5, for the conven- 
ience of description, the battery pack that Is charged 
while being incorporated in the portable telephone 10 
will be referred to as battery pack la, and the battery 
pack that is charged separately will be referred to as bat- 
tery pack 1. Although the battery pack has the same 
constitution, components of the battery pack la will be 
denoted with the reference numeral followed by letter 
”a“ added thereto. 

[0068] Description that follows deals with such an op- 
eration where the battery pack 1 a mounted in the port- 
able telephone 10 is inserted in the unit insertion slot 
31 , then the battery pack 1 is inserted in the battery pack 
insertion slot 32, and charging is carried out in this order. 
The battery pack la incorporated in the portable tele- 
phone 1 0 and the separate battery pack 1 are Identical, 
and there is no difference in the charging operation and 
charging performance, between the case of charging 
the battery pack Incorporated in the portable telephone 
10 and a case of charging the battery pack separately, 
or due to the difference in the slot. Therefore, the differ- 
ence between the unit insertion slot 31 and the battery 
pack slot 32 and the difference In the order of charging 
are Ignored. 

[0069] When the battery pack la incorporated In the 



portable telephone 10 is inserted into the unit insertion 
slot 31 , the protection circuit 72a senses the voltage be- 
tween the terminals of the battery cell 60a. In the case 
where the voltage between the terminals Is 2.0V or hlgh- 
5 er, constant current charging Is started. When the volt- 
age is below 2.0V, the control circuit 73a carries out pre- 
liminary charging till the voltage between the terminals 
becomes 2.0V or higher, and then starts constant cur- 
rent charging. When constant current charging is start- 
10 ed, voltage of the AC adapter 40 decreases. 

[0070] When the battery pack 1 is Inserted In the bat- 
tery pack insertion slot 32 at this time, the voltage sens- 
ing circuit 71 for the battery pack 1 senses the output 
voltage of the AC adapter 40. When the output voltage 
15 Is below 4.4V at which charging operation can be start- 
ed, the voltage sensing circuit 71 effects standby state 
for charging. 

[0071] In the unit insertion slot 31 , the battery pack la 
Is still being charged with the constant current. As charg- 
20 ing continues, the voltage between the terminals of the 
battery cell 60a recovers and accordingly the output 
voltage of the AC adapter 40 gradually restores. 

[0072] When the output voltage of the AC adapter 40 
exceeds 4.4V that is the voltage at which charging op- 
eration can be started, the voltage sensing circuit 71 for 
the battery pack 1 cancels the inhibition of oscillation of 
an oscillator in the control circuit 73. This starts constant 
current charging of the battery pack 1 . As constant cur- 
rent charging is started, voltage of the AC adapter 40 
decreases again. 

[0073] When it is detected that the output voltage of 
the AC adapter 40 has decreased to below 4.2V that is 
the voltage causing the state of standby for charging, 
oscillation of the oscillator described above, is stopped. 
In the case where the voltage between the terminals of 
the battery cell 60a is higher than the power voltage of 
the AC adapter 40, charging of the battery pack la with 
the constant small current continues. 

[0074] When the constant current charging of the bat- 
tery pack 1 has started and voltage of the AC adapter 
40 decreases below the voltage between the terminals 
of the battery cell 60a, the battery pack la is switched 
into standby state for charging so that a reverse current 
does not flow from the battery cell 60a back into the AC 
adapter 40. 

[0075] As charging of the battery pack 1 continues, 
the output voltage of the AC adapter 40 recovers and, 
when the output voltage becomes higher than the volt- 
age between the terminals of the battery cell 60a, con- 
stant current charging of the battery pack la is resumed. 
At this time, since constant current charging of the bat- 
tery pack 1 is being carried out also in the battery pack 
insertion slot 32, charging current from the AC adapter 
40 slightly decreases due to the consumption in both 
charging operations. 

[0076] When both protection circuits 72 sense that the 
voltages between the terminals of the respective battery 
cells 60 have reached 4.3V, the respective control cir- 
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cuits 73 stop the constant current charging and start 
constant voltage charging. 

[0077] When the charging current gradually decreas- 
es to 110mA, the control circuits 73 set the full-charge 
sensing timer. The control circuit 73 sets the timer and, 5 
upon lapse of a predetermined period of time, causes 
the green LED to light. When another predetermined pe- 
riod of time has passed, the charging operation ends. 
[0078] As described above, by providing the charge 
control section 70, the battery pack 1 is made possible io 
to control the charging operation to turn on and off ac- 
cording to the voltage of the AC adapter 40 monitored 
by the voltage sensing circuit 71 . 

[0079] Also because the charging apparatus 20 de- 
scribed above is not necessary to have a charging cir- is 
cult, construction of the charging apparatus 20 can be 
simplified. Since the battery pack 1 has the charge con- 
trol section 70, the charging apparatus 20 Is required 
only to have the plurality of slots while being capable of 
charging the plurality of battery packs without modifying 20 
the construction thereof such as providing an additional 
charging circuit. 

[0080] By using the battery pack 1 and the charging 
apparatus 20, time taken to simultaneously charge the 
plurality of battery packs with the constant voltage is 25 
made equal to the time required for constant voltage 
charging of one battery pack. Consequently, according 
to the secondary battery charging method that employs 
the battery pack 1 and the charging apparatus 20 de- 
scribed above, time required in this process can be re- 30 
duced in comparison to the case of using the charging 
apparatus of the prior art. 

[0081] The foregoing description assumes that the 
battery pack 1 is a lithium ion secondary battery, al- 
though there is no limitation to the type of battery pack 35 
as long as it is a rechargeable secondary battery. There 
are also no limitations to the types of the active material 
of the electrode and the electrolyte that constitute the 
battery cell 60, configuration of the battery cel! 60, and 
the like. 40 

[0082] Also there are no limitations to the form and 
mechanism of the charge terminals 90 and GND 91 that 
supplythechargecurrent and of the discharge terminals 
92 and GND 91 that are connected to the portable tele- 
phone 10. For example, non-contact power transmis- 45 
slon means or the like may be used for the charge ter- 
minals 90 and the GND 91 . 

[0083] When the battery pack 1 is charged while being 
incorporated in the portable telephone 1 0, the charging 
apparatus 20 is also capable of charging while the port- so 
able telephone 1 0 is powered up. 

[0084] The electronic apparatus that is used with the 
battery pack 1 incorporated therein is not limited to the 
portable telephone 10 and may be other electronic ap- 
paratus. 55 

[0085] While the charging apparatus 20 receives the 
charge current from alternate current of the commercial 
power supply by using the AC adapter 40, the power 



source that supplies the alternate current may also be 
another battery ordifferent power supply means. Forex- 
ample, an automotive battery may be used as the charg- 
ing power source. 



Claims 

1. A charging apparatus comprising: 

a plurality of battery insertion sections into 
which a plurality of battery packs having a 
charge control function to control charging of a 
secondary battery and/or an electronic appara- 
tus incorporating said battery pack are insert- 
ed; and 

a power source for supplying charge current, 
wherein 

the charge current from said power source Is 
supplied to said battery packs and/or to said 
electronic apparatus inserted Into said battery 
insertion sections in parallel. 

2. The charging apparatus according to claim 1, 
wherein said charge control function is a function to 
start charging operation when output voltage of said 
power source exceeds a predetermined threshold. 

3. A battery pack comprising: 

a secondary battery in which electricity is 
charged and discharged; and 
a charge control section for sensing the output 
voltage of a charge power source to control the 
start and stop of charging, wherein 
said battery pack Is connected in parallel with 
other battery pack to said charge power source, 
and said charge control section senses a 
change in the output voltage due to charging of 
said other battery pack to control the start and 
stop of charging. 

4. The battery pack according to claim 3, wherein said 
charge control section starts charging operation 
when said output voltage exceeds a predetermined 
threshold. 

5. The battery pack according to claim 3 or 4, wherein 
said secondary battery Is a lithium ion secondary 
battery. 

6. A method for charging a secondary battery wherein 
a plurality of battery packs each containing the sec- 
ondary battery are charged, comprising: 

a current supply step for supplying a charge 
current from a charge power source to said plu- 
rality of battery packs in parallel; and 
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a charge control step tor sensing a change In 
the output voltage of said charge power source 
due to charging of at least one battery pack 
among said plurality of battery packs to control 
the start and stop of charging the other battery 5 
pack. 

7. The secondary battery charging method according 
to claim 6, wherein the charging operation is started 
when said output voltage exceeds a predetermined io 
threshold in said charge control step, 

8. The secondary battery charging method according 
to claim 6 or 7, wherein the charging operation is 
switched between constant current charging and t5 
constant voltage charging according to voltage lev- 
el of said plurality of battery packs in said charge 
control step. 

9. The secondary battery charging method according 20 
to claim 8, wherein said plurality of battery packs 

are charged individually in said constant current 
charging operation and said plurality of battery 
packs are charged simultaneously in said constant 
voltage charging operation. 25 

10. The secondary battery charging method as de- 
scribed in claim 9 wherein constant voltage charg- 
ing operation for all battery packs is started when 

the voltage levels of all of said plurality of battery 30 
packs reach a predetermined voltage level, 

11. The secondary battery charging method as de- 
scribed in any one of claims 6 to 10 wherein said 
battery pack is provided with a lithium ion secondary 35 
battery. 
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